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* - %W%m ■ (tX/*i) 



ffiiM^Jtil^r >£/Biosensor and Method for Bone 
Mineral Density Measurement 

jR - t * A : (* l a) 

^l;Rif #L#r**f 3£ ^/Industrial Technology Research 
Institute 

>ft4tA: ( tX/^i) a-i^*/Cheng-I Weng 

#M**M* JH# + *Ig.is«. 195 flfc/ No. 195, Sec.4, Chung Hsin Rd., 
Chu Tung Town, Hsin Chu Hsien, Taiwan, R.O.C. 
S 0t' (tX/*X) t^R.H/R.0.C. 

#- - : (* 2 A) 

1 ^i£/CHUNG YUNG-MING 
2.m $T #/LIU YU-CHING 
^Jtm*fcAh: (tX/*X) 

1 .Mlbl&mW m'K&tt 3 HP A^ 216 St/No. 216, Taiping Rd., Sijhou 
Tonnship, Changhua County, Taiwan, RO.C. 

2. & t4Mt H*P*/M&H- 7 Hp 61 % 28 fit/No. 28, Lane 61, Shengang 
Township, Taichung County, Taiwan, RO.C. 

■ * : (tSL/*X) 
1.2. t*R,H/R.0.C. 
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' 3- a Mail, : ^ ft a • 

[JM,t(Hfe : (JtK) ; ttf a ; f ifrnmifc mettle,] 

l. . 
2. 
3. 
4. 
5. 

1. 

2. 

□ H*h»t£.4fc [*M,«fr«. : ; ; a*j ; m m/fttte.] 



Ifefi ' #t TRAP 5a foff > ft TRAP 5b ftfcj&ft£^p 

TRAP ( TRAP 5a+TRAP5b ) ft*| ; —ttLtiL&m&jt ♦ A-tfUStfe 
3£ J^/t ; * t TRAP ft*Kf-;S;S ^ 6£Jt§£^( Tartrate-resistant 

Acid Phosphatase > ffi^TRAP) - *.*^4L'f«A*8t«!l^* ' #^'Jffl 
lWUt^«!l|tM«Iifa.«.t TRAP^TRAP 5a & TRAP 5b jflUfcA**-/* 



This invention is provided a biosensor for bone mineral density 
measurement, comprises: a stimulated source; a transducer, which 
immobilized the antibodies against TRAP 5a, TRAP 5b or total TRAP 
(TRAP 5a + TRAP 5b); a signal detecting unit; and a signal processing 
unit; wherein the TRAP refers to Tartrate-resistant Acid Phosphatase. The 
method for bone mineral density measurement of this invention is 
detecting the concentration or activity of the TRAP, TRAP 5 a and TRAP 
5b containing in the blood by using the biosensor described above. 
Accordingly, the method can monitor the bone mineral density to prevent 
the osteoporosis disease. 
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(-)**#J£ft4l«* : * ( - )■• 
0)^M^ ffil 4L7b#^*#Sfe IBS ^MfcW : 

10— 

30— nnfeA m$- 7t 

40— tflM.4S-^7L 

41— tft!£#IJ^© 
42— 

43— IS^-fr* 

loo— # a?^t^4fc*»jit* 



4*1 - **#*4*b#*Bf . 1f4*;it*fejK^*9l#ftttt4b 
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3& - &WitLW ' 

( Tartrate-resistant Acid Phosphatase » ffi 3$ TRAP ) ^ 4 ' 

# itb & £'J # $ A ( bone mineral density • ffi ffi. BMD ) ^ £ 
4t • 

f fi^I# (osteoporosis) & £ A £ # it fid 4£'I4 4l 

- ' *#<fc*t ' A».fe* f ' 

- "5" + ft Hr ° aA^ — m^A^i^ ' APt^t-l!^ 

fefcife-^f-* A • ^^fith^^-^^-^A - ^r^-® 
fl&ltjfeJtt'll- ^#fid A$i A^£ a «fr4fr t£jfc£"#j£. 

Sfc * *d 4* 5%M. 25% - 

m#J$L%. ' *t 31 It 44 ' 0L#4 4JL6d£.it3L*.Sl*f 

te-fcraffc ° *44-fri + *ifeAit#-^4Lft ' tf an*, fid it* 

fa >\k ' + A « ft A * M *& A 3L If «!L £ fid * B0 a fl*. ' * J: 

(Osteoblast) J!fe (Osteoclast) ife 4. /£ H- ^. «it # 

# b£ • A|£f£^#±<t#JjU|L ' A. V? Mb* ° * 



^ St • Alt - e T * f «lL»*t* #Bf f # 

if 60~70%i& • iia^e«a*^^*St* 

a \at£-frm&j k & # *t Bf ^ a* & * 

a it a ft *b # jl # f* « & * *i &.m * * * t w m - 

DEXA(Dual Energy X-ray Absorptiometry)^ £3 -f- ^" ^ ° 

^jafifrifc^&sif* a&£ ° dexa & s >fr fli^i^^J-f 

i^-^H »*>»a*«.ffl4B,#J*J.**^|SlJfe*4L X-ray «■ 
Alt t^#^(Spine)^^(Hip)^^# as^ , g A*t«g* ♦ 

a * m m * X-ray • ««^#'|'*&-«li|fc*|S)J|&*:ttjg:&ii. 
ftfrifTtfg-frfelfc&i f ^&(Bone Mineral Density, BMD)i 
* • DEXA &i£*g>£^.fS -fS^HItti-ltflAMf 

- ^#c>*I & 0 °aiti§^r 

( fda) ^^r ' £#r**'j#MftS.te^ 

Alt #j it *&■ fe. «fc *i jj8p&3H(Heel) > 'J> M * (Shin bone),& 
3t * (Kneecap) -fa Alt #*fcA«*P #J *P 4fc <f * £. #j ^ £ 
tb «Bp ft. - 'Mftf*iL*Jt'f-<iti't-af^L^ftaSW ° 0 itb ' 
*jSfc#*&to*J^*fc£A*«L&«P**> DEXA' a DEXA ^ 

«t >S ;S St. fig. 'fct «H fig. J3§ ( Tartrate-resistant Acid 

Phosphatase » ffi ffi TRAP ) ^iif-^J^^f^j^iiJ^.^S^^: ' 

a-#*^#ii*4§ m • a itb . Ait 



jkj&tift trap m^t^m &n frmgr^fcik^tf)- # 

la # ' it iff] ST M ft & ^ #J # ^ Jk ( bone mineral density • ffi 
3$ BMD ) o TRAP mik^fofe^ftlVA '-TRAP 5a > TRAP 5b' 
£. t TRAP 5b > ffi £ * • Bl^itb^- ® 4L&#f ' 

atiS 6,248,544 

^ »J TRAP 8£ ^ 4 iM£ fll Spectrophotometrically ^ 41 ^ 

' ffl a&Wlr f «Si * * H «l 

%m.Mrtefcik'\%m ' mm * ib-mm &&^*f > *st 

j. * ^ it m ° 

■^_L#ri£ ' M#-**^4bJL4fcifc*friW * %ntktf) , fr 

%&>L®]&mm ' « *j -r a k *i * f ^ & ^ * t a& m 
l # m ft & ] 

& # & -t. it t # m f - $ & & m&m*-&®i ' w # 

(transducer) ^rll^^iljf I > M 'fr m * - 
TRAP 8£ -fr ife^t^ £»] a 3ZW1t&J8L ( BMD ) & 4b • "M" & ' j» 
fo^-Sp TRAP #Lft( antibodies against total TRAP > #L TRAP 
5a TRAP 5b*t«a^ (immobilized) ^^Ti^^lfe 

( -tfltit JSLJfc ) ' # m ^ ft t ^f^4L TRAP * 

TRAP 5a > TRAP 5b Jfe 85 *L ifc *P TRAP #C 

It * #L TRAP 5a TRAP 5b & ft & ^ & 16 ' jfi&afr 
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H « «J & £ H ft lb • it *n ft * ife M 35 * ft ^ 

mikz-1r • ffl a #j Iff t£ 4& ft ^ f - & £ S ° 

' I -&JfeSf (Transducer) • 

& & ft IS # #t TRAP 5a ifcft - #L TRAP 5b*L«4.*t^*p 
TRAP ( 2p TRAP 5a+TRAP5b) ; -«L*A«J*7t ' #> 

&^ : flt&tf ( Cantilever beam) > * 
ft #'J & ft ( Surface Acoustic Wave » ft ifH SAW) 

& a B 9 It «. -f - #l £ & sEHil H ( Quartz Crystal Microbalance » ffi 

635~850nm > iUft % to to ~ ° # 4* Jfe 3S & 

SAW & QCM . ' fo?TtiLm % 

m it a? a £ 4* & *i it * % - « % & m # « 

tit ^^tl&ii ' * t ^##jfc«4fc*--#J*. 
til ' *mJi**»*fc**t-4L;**s* • t^if 



8 



*fc&1flfr#jJl!l**0 ^(deflection)* *b > * T * *l * & 

* ' ' »PT#fJ*4R« 
$^#f^flf±^r & Wt 4fe f <ft t * M # ° 

A ^ % ft, 4b -6? (silicon nitride ) > J>- H -5? (poly-silicon) ^ 

j& » ^ ^ m. f <J • 

* # a £ fl" $ £. £ 4*7 & *| «. * ^ « — It * ^ .1 # « 
^. ® »J & ( Surface Acoustic Wave > ffi ffi SAW) f£ 

H ' £■ + ifrifc SAW 4it^|S#^iltIfe(|?|*. : 
;S £ » LiNb0 3 « LiTa0 3 ) * © It -h W Rfi # ?'J - ^ 

( Interdigital Transducer • ^ |ft IDT ) > S^^t^^«lt^f;-^ 

* 0 S *t*Gfr-fc-4*#i$ &m ( W*> : foflt ) S ^ 
(immobilized) ^ SAW S ' # SAW ^©4^^^^-^ 



= #Llt) ^#«mit^maf ' t^^#?^^- (#J 

M ^ • itba^ • ft ffr ' SAW 4L*a&**.^^^.ft 
4b'4t*4ft3H*&*Mbifcj&4L*#4ftt&#*'T*t#ife SAW 

^ £ a B a It $1 W ^ & j&I H ( Quartz Crystal Microbalance • HQ 
QCM) ^*#^Jfeg'* + Ti!rifc QCM 4^#^*S#.^J1 € 
^fe^S (^^^^fe) 4LJiT^<MtBtf *H 4r4 (#] 

: ^ * > is ^ # ) , m fategm & 

#B a a ^^JL^^^^^ (standing wave) t^M^ftfi- 

^ 4b a ^ m * % % m f # ^ £ >fb ' m *t -=r n * ^ »j & it g a. 

^^^>fbitflntt^«.m^€^J^^f4Lt*°*I^J^#^af 
&m±Mfr+ ( : foflfc ) SI ^ (immobilized) ^ QCM 

4l * » ' # QCM * ft ^ £ #7 ^ ^- ( #J ** : ) * # j*J *fr 

It^^tBf ' *fc*t*4L£.4fc^^- (#J*» : ifc* ) 
QCM ( iH -k° : ft ft) ' it a£ • >Hl#£;fr 

' qcm ^B B ait«:a.^^ t-^^^-fb • j|EM*3<jjri 

ftJta#*«MbJ»tt#{fc QCM * ft ?R fft ^ f 4Lt * ' it- 

* + #3fc*feII-Lffl**-£.4&a- J f- ' & A *t 
TRAP ftft sfcft TRAP 5b ft It • 

* t ifti&ft^^ TRAP ft It ^ft TRAP 5a ft It &ft TRAP 
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5b ft & # ^4b& fa & ' m 

« & fa fl£ t TRAP > TRAP 5a ^ TRAP 5b ^ 4- — '14 ** ^ ' 

a «J # A ^ £ -fb • 



If 61 TRAP 5a > #L TRAP 5b 

3p TRAP ( Bp TRAP 5a+TRAP5b) #.ft I - tfL ft & * it ' 

7t ' &mifc$&%L * ^ *f ilk m * ° 

* t ?fr it tfl «; A *J Jf- tL % tL & - Ol % «!l g§ ( Position 
Sensitive Detector > ft $| PSD ) > #. ffi ^ & ft| «f Sf t 

?.J : TRAP^TRAP 5a TRAP 5b 4L#3U*fc*i : 
Jfrlfrifc***!*® TRAP 5a #Lft - #L TRAP 5b #Lfg i& 

fo^SP TRAP ( Bp TRAP 5a+TRAP5b) It ^ ^ & H # «5 i-X 
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ft*NbiI£;lfr*t t TRAP^TRAP 5a & TRAP 5b ^*( ) 
^>^'l± ; A*BUf t£ TRAP > TRAP 5a ^ TRAP 5b ^ # ( ) 
^ m «l± ' a #<] iff "f ^ & 4b • 

* t ifridtft-aisUfcfUfcT jfa->f > Jk>&**ifc^ TRAP - 
TRAP 5a & TRAP 5b ^|£>£ • 

&t)Sri&**teg-tBB*4Lit4fca--?- ' %Hk%hfa TRAP 
5b ft i& #L 3r £P TRAP ( Bp TRAP 5a+TRAP5b) #Lff • 

(*» • DEXA *^*^>««!|^r*) *^^li*f > i§ S 
* *t**a!4b ' flttt-te - ifc *fc 3U i * *J H # ft tt ' *. 

9 - ffl -ft A Tf: ^ ^ f> $ £ £ jft j& am |t £ 100 ^ % 

m ' : io • #, ffl *Mt ; 

20 • TRAP 5a #l ft > #L TRAP 5 b flt J& #C 

TRAP ( Bp TRAP 5a+TRAP5b) foflf ; - tR. ft jft SBJ it 
30 • tftfc mMtiL&fo it 20 M_>t^M%i%tlb ; A-fftft 

>4^^-it40' faftlfrmfr - # ffi i£ tfl. ft • 

*ttfi4t*lftjfcj£*it40' : ttl^^fi 41 ( fe| 

*o : RS232 > USB - DIO & DAQ # -fr * ) - il^^iC 
42 a^^J^S 43 - 43 ^^f'J^Tit^^^ 

40 JSL&fc % 20 o 
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10 (*J*» : %M&%tt~m%l) ' 

635~850nm - # 2fe ^ II 20 * fi aW & £c,i&;S & aa 

Itm^Wi&M H ' **t#« 10 l^f^^ (fcl 

« W * * ^ — « * * A <* *] ^ ^ ^ # L #1 >F. 

AH ' &^T?']^4^ • ■£ 9t ' TRAP > TRAP 5a & 

TRAP 5b » **8t*-sr^ A.«.*ifit* • #^ )fri&*& 

^^E] TRAP 5a > #L TRAP 5b #L It #L ^ £P 

TRAP ( Rp TRAP 5a+TRAP5b) &4t4L&fe3S&«6 ' 
t TRAP^TRAP 5a & TRAP 5b&4fefe fi ® ID &*L$L TRAP 
5a #L ft * #L TRAP 5b #t It & #L ^ £P TRAP ( Z\> TRAP 
5a+TRAP5b) fa It HI *T *l M -til It & & & & 5l M I fog&m 

> 0 ,tb ' # * 4ft *| ^ifeS4Ltn.-sfe^4bJL^*fA5t*^iR 

St»-srtt*iti*8tltt TRAP > TRAP 5a & TRAP 5b ^ * i& 
'14 ' TRAP - TRAP 5a « TRAP 5b ^* # £ Sic 

-14 A 'J> ' U &l W it % fit & 4b ' *» : # # it S£ * * ^ 

i-x T t- tkW fa ft 3* ^ - # T » "Ml ft • ii # ffl ^ 
BLfi^^^^t • 
ItfoW 1 

* * W « * ft ffl «. A if # A * 53 ^ * * A ± to a 
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m&S. ' &&ifcfo&' s r$k&tiL-k 635~850nm ^IT^—^lt 
ik* ' «.ffl«L*A«IA**fcA Alt lxlO" ,2 '>&4i$t?£1f ' 

4i * it /& ' it & # #J BL f'J ' fr] *» : ^^t^tif 

SI £4i#Llt ( *o&£-£p TRAP 
fcfe&fc TRAP 5b#Llt) fagL&fiifcm (thiol) f jfe^4i 
4b ^ 4& ( : Jft fl£ ( cysteamine ) * & 2, Si £ fl£ ( PEI ) 

sfc Suifo-Lc-SPDP) » a*#j&*;fr^s*&f|-^*.#i*fc ; 

4i#. • t^^Sf S^#4ifolt2pTI^*£5f *® €^4i^rit 
If & $3. Bl M ( self-assemble ) ifijlI!£-^«St!&#*.flj 
[Ultramicroscopy 91, p. 29-36, 2002] • 

* t 41 TRAP ^/^, TRAP 5b ^ M & ^ £ ft HI * 41 #l 3p 
TRAP fctitJBL/£, #L TRAP 5b It ^ • # 0 & 4 * #J St 
f£ifc/£l&&#4l>f££4fe# (Deflection) J&*4ft«4^# ' 
JtBf i£ i& & # at A >$r 5$, Jl* tR. Sfc afc A » ^4fc.ft*4fc*&J*I8S 
««J*<fei»*it*mSt#S.«l«feltaJ^it ' *fc*tR.ft4*#. 
-frfc ( DAQ Hr-fr© ) d*iifc^#4£ib^#fi£3i&3^iE#. 
4^ . gpT*ifaj&-^#^t TRAP Jt/iSl TRAP 5b ^ # • ifc 
ffj #'] If -f ^ JSL 41 ft 4b • . 

(saw) ftMb&m 
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4l« mfeM n ' saw mm » * « « ji w » # 

?»] > *S ( *R IDT) » *.4fc# HHb** ' 

W *» : -f g£ ( cysteamine ) > & Z> Si £ ( PEI ) £ 

Sulfo-LC-SPDP $F#L^£P TRAP fc&ZLfc TRAP 5b #L It HI 

##B*l»#jW^jfa.;fc4fc*$*;8fr SAW ' 
tiLtt^t^t TRAP A/j&L TRAP 5bH«t»5f^flj@^4L 
#L£-3P TRAP #L|£ TRAP 5b #t It & ^ ^ it 3ft /fc * 

&m St ft 4b ' IDT #i£f£lflffc ' *^L##5.tfL«tllS 

*7t^*fai* • *a**#*ta&*#ft4t**i«*4fe«r 4Lt * 

ft4b## fcbfr] MH* ' 0 *bT*t #jfa. t TRAP A/jfc 

TRAP 5b * ' it #'] iff # * & ft 4b - 

***fcfcHfc£«.fli ;S * & *t*t -f-^J*,* »J H ( QCM) # 
& & H 4l * W & £ ^ A 3U It 4 • QCM 4l & ft] J& & m Ifr 
SAW - 2tfc**^ii^-srit#«JS*«>%.^«$»«ift II ' QCM 
itffl^^Iflfe ' JlT «t X. ^ Ji £r>$ f ( : 
> M. ^ |s^,^# ) . 4L&#0§ 4b^4fc ' : -f flfcJKH. 

(cysteamine) - & SS ffi 3$ (PEI) i& Sulfo-LC-SPDP $F 
fo^rSP TRAP #L It TRAP 5b *tft HI l*MfM^* 
© » * HI £ ft&W 1 mi€ ° 

#^8^##«|^LifiL«.«.^J«^ QCM ' 

t ^ TRAP Jt/* TRAP 5b & A HI £ 4L 

fc&W TRAP ^Ita/^.^ TRAP 5b & « ^ Bf -fr 3ft /fc ^ 
fi:^^>fb'it:ffij^^a a a lt^a^^^ft'^^itii§t^^ 

itb at ft ^uisfe # 5. * to it^t • & ^ A ft « 
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jfa.>&#l*. t TRAP A/sfc TRAP 5b ^» » i|fij#'JHrf f 

*t*#afl ' & ft % *t -& # ^ • -j5E.^JK^^#^^'j»#^ia 
gj ft , # *T flr « *.#w^^*i&ffl ' 

* % & W * ffr + #1 ft ffl *f * Jfc # * * • 
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«i ^ ^ & fi^tn 

[ ±. # 7t # # at t«, ^ 3 

10— 
20— 

30— mSt*«!|J?-7b 

40— !R*t&S.¥.7t 

41— tftSMftSl/fr* 

42— ^*fiJ|*i&^, 
43— 

100— -f #££.4fc*>*l4t* 
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-iftJfeSS ' El TRAP 5a#.f£ > ^ TRAP 5b 

fof£«L3r3P TRAP («t>S^«L«t«l±^^&^*) foil I 

tM&BrfrtL&'-m. m % ( Cantilever beam ) - j& iSj * >H'J & & ( SAW ) 

^;s& B a B fm^#r^Mli (QCM)o 

ife4*JfeS5*«:»tf 8$- . ' 635~850nm - 

3*1 fcM. (SAW) ^^^ a a a |t^L^#^^^J|| 
(QCM) . ^#^^«J£iL«>%jft ° 
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- &4b# ( silicon nitride ) - £ (poly-silicon) 

9. *>t*-*-*4J&lll* 2^mi£^#&&£^>«£'&*lM 

10. *»flMMMi&IS$ 1 */tfifc^**££4fr'**l** ' * + * 
^JS&HJiig^4L^^^^^^«p TRAP *mt#,*t, TRAP 5b #L 
It 0 

i2. *>^n^mm% i ^/rik^^^^m^ • ^tit 

14. -«-jr«>9L4.«7*«Jlt* ' • 

TRAP 5a #,fi£ - TRAP 5b foil TRAP ( *}m& 

tiLm&mm-ik) -ft ft ; 

4b ; Sl 



19 



-flutes*.*, ' famtt-Mfr - ^*f^i^tH.sfc • 
is. *>tit#*i&iB# 14 jsntifcc* ft&&.4fe*ai&£ ' 

i^ta^^,^J^-7t#,^-^£^^JH (PSD) > 

18. *>ft|^£BI« 14 JS/sm4L*#A£4fr&*l*t* ' *t 
#i4UM&3SJiH#^li4fc^&A4fcMP TRAP ftfcdttfc TRAP 5b 

19. -&%r®tiLfamir&: ' • 

^# ^ * TRAP ( M M JS mM.\$-t& itm mik) - TRAP 5a 
A TRAP 5b 4L#»J*gttt I 

Jif ifri&^t^M^foTRAP 5a *L* * TRAP 5b ULft 
J&#t.£"3p TRAP (^;B«t«H±*#&fl&a£:fr) ^It^^H^ait 

-ft ; 

4fc*tttfcft£4biM-*Mt + TRAP > TRAP 5a J& TRAP 5b 
*4St« TRAP > TRAP 5a & TRAP 5b 4L***A ' U$m 
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20. fettiMMNf&lllft 19 */tfifc^*#dt«»|38r* ' * + 
#»J*8t«# -T^jfa.>* * TRAP - TRAP 5a & TRAP 5b 

H : #U!§5f ( Cant i lever beam ) - 4t ft *l % ( SAW ) 

A^&AttlM^^&fclSS (QCM) • 

H _L 0 £*L2L#!ifr*fo&$L&ty TRAP hH^L^hH TRAP 5b UL«t- 

23. *»f 1fr#*!lfcffl£ 1 & 14 ' *t 
^Tiilc TRAP # TRAP 5a JBl TRAP 5b • 

24. -k°$n^mim% 19 ^m^tm^m^^ » a-tam 

TRAP # TRAP 5a A TRAP 5b • 
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20 



30 



mm 







/ 41 










^42 










^,43 













40 



100 



i 



JM^# TRAP - TRAP5a j& TRAP5b 






m¥k^&m%L%fa^^ trap > & 

TRAP5a TRAP5b #l«4l&*& 




r 
















4§*tttR.St*-fbit**8tftt TRAP - 
TRAP5a ^ TRAP5b 4L*s8LyS-4± 









